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EHHQ VWXGLHG E\PDQ\ LQYHVWLJDWRUV %DVHG RQ WKH UHTXLUHPHQW RI VWLIIQHVV DQG VHDOLQJ WKH LQWHQVLW\ RI EROW DQG
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JDVNHWZDVFDOFXODWHGWRHYDOXDWHWKHVHDOLQJSHUIRUPDQFH>@,WZDVGLIILFXOWWRVDWLVI\WKHPLQLPXPFRQWDFWVWUHVVLI




RQ WKH OHDNDJH RI HQWLUH V\VWHP LV FRQVLGHUHG $QG IURP LQVLGH WR RXWVLGH RI WKH JDVNHW WKH GHIRUPDWLRQ DQG
FRPSUHVVLRQVWUHVVLQFUHDVHOLQHDUO\:KHQEROWHGMRLQWFRPSRQHQWVGXULQJWKHLQLWLDOWLJKWHQLQJSKDVHWKHFRQWDFW
VWUHVV PXVW KLJKHU WKDQ WKH JDVNHW LQLWLDO VHDOLQJ SUHVVXUH DQG ZKHQ JDVNHW EROWHG MRLQW FRPSRQHQWV GXULQJ WKH





XVHG LQ WKH WKHVLV )ODQJH LV GLYLGHG LQWR WKUHH SDUWV QDPHO\ WKH F\OLQGHU WKH FRQH DQG WKH IODQJH ULQJ IRU WKH
FRQYHQLHQFHRI FDOFXODWLQJ WKHKXE DQG WKH IODQJH ULQJ DUHGHHPHG WREH DZKROH$FFRUGLQJ WR WKHSULQFLSOHRI
GHIRUPDWLRQFRPSDWLELOLW\WKHIODQJHURWDWLRQDQGUDGLDOGLVSODFHPHQWLQWKHMRLQWRIWKHVHWZRSDUWVDUHHTXDO7KH
HTXDWLRQV DUH JLYHQ fs ww  ¶ fs TT  DQG WKLV WZR SDUWV FRXOG EH LQIOXHQFHG E\ WKH GLVFRQWLQXRXV HGJH
PRPHQW M DQG WKH GLVFRQWLQXRXV HGJH IRUFH P $W WKH VDPH WLPH XQGHU WKH FRQGLWLRQ RI LQLWLDO WLJKWHQLQJ EROW
IRUFH ibF  JDVNHW IRUFH
i
gF DQG EHQGLQJ PRPHQW
i
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b PAFF    
7KHIODQJHURWDWLRQ LVPDLQO\PDGHXSRI WKHURWDWLRQXQGHU WKHIXQFWLRQRI LQWHUQDOPHGLXPSUHVVXUHEHQGLQJ
PRPHQWDQGEROW LQLWLDO WLJKWHQLQJIRUFHDQGWKHIODQJHVWUXFWXUHLVGLYLGHGLQWRWKHF\OLQGHUDQGWKHIODQJHERG\
$FFRUGLQJ WR WKH SULQFLSOH RI GHIRUPDWLRQ FRPSDWLELOLW\ WKH URWDWLRQ RI WKHVH WZR SDUWV LQ WKH MRLQW LV HTXDO
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7KHRYHUDOO IODQJH URWDWLRQ LV WKH VXPRI WKH IODQJH URWDWLRQXQGHU WKH IXQFWLRQ RI LQWHUQDO SUHVVXUH DQGEHQGLQJ
PRPHQWLWLVH[SUHVVHGDV
fMfP TTT    
7KURXJK WKH (T WR UHVSHFWLYHO\ REWDLQ WKH URWDWLRQ iT DQG fT ZKHQ LW LV LQ WKH FRQGLWLRQ RI LQLWLDO
WLJKWHQLQJDQGRSHUDWLQJ
&DOFXODWLRQRIJDVNHWGHIRUPDWLRQDQGVWUHVV
3.1. Establishing deformation compatibility equations 
7RWKHVWDWLFDOO\LQGHWHUPLQDWHVWUXFWXUHRIEROWHGIODQJHFRQQHFWLRQWKDWLVUHJDUGHGDVDZKROHWKHGHIRUPDWLRQ































































FDDD   
3.2. The gasket deformation  

)LJ*DVNHWGHIRUPDWLRQPRGHO
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,Q WKH DFWXDO FRQQHFWLRQ D VWURQJ FRUUHODWLRQ EHWZHHQ WKH IODQJH URWDWLRQ DQG WKH JDVNHW GHIRUPDWLRQ FDQ EH
HVWDEOLVKHG 5HOHYDQW GDWD DERXW WKH DERYH HTXDWLRQ LV FDOFXODWHG DQG WKH FXUYH LV GHVFULEHG WR FRPSDUHG WKHLU
UHODWLRQVKLS IURP WKHLU UHODWLRQVKLS LWZRXOG EH IRXQG WKDW WKH IODQJH URWDWLRQ DQG JDVNHW VWUHVV DUH FRRUGLQDWHG
LQWHUDFWLRQ*DVNHWFRQWDFWVWUHVVDQGGHIRUPDWLRQFDQEHUHIOHFWHGE\FRPSUHVVLYHDQGUHVLOLHQWSHUIRUPDQFH)ODQJH
EHQGLQJGHIRUPDWLRQFDQEHKDSSHQHGGXHWRWKHHIIHFWRIWKHUHDFWLRQRQJDVNHWIODQJHWDNHVSODFHGHIOHFWLRQXQGHU
LQWHUQDO SUHVVXUH$QG GXH WR WKH IODQJH GHIOHFWLRQ WKH GLVWULEXWLRQ RI JDVNHW VWUHVV LQ WKH UDGLDO GLUHFWLRQ LV QRW
XQLIRUPWKHVHSDUDWLRQZLOOEHRFFXUUHGLQWKHLQQHUSDUWVRIIODQJHZLWKJDVNHWDWWKLVWLPH6RWKHIODQJHURWDWLRQ
DQGJDVNHWVWUHVVDUHWKHPDLQIDFWRUVWKDWLQIOXHQFLQJWKHEROWHGIODQJHFRQQHFWLRQV\VWHPWRHQJHQGHUOHDNDJHWKH






THH WDQ    
7KHD[LDOGHIRUPDWLRQRIJDVNHWDWDQ\UDGLDOSRVLWLRQUFDQEHH[SUHVVHGDVIROORZV>@
    TWDQ Ggg DrDrD    
7KH D[LDO GHIRUPDWLRQ RI JDVNHW FDQ REWDLQHG UHVSHFWLYHO\ ZKHQ LW LV LQ WKH VWDWH RI LQLWLDO WLJKWHQLQJ DQG
RSHUDWLQJWKURXJK(T
    iGigig DrDrD TWDQ    












LV XQGHU RSHUDWLQJ FRQGLWLRQ2ZLQJ WR WKH GLIIHUHQW LQLWLDO WLJKWHQLQJ VWUHVV WKDW FDXVLQJ WKH GLIIHUHQFH RI IODQJH
URWDWLRQDQGIODQJHURWDWLRQPDNHVWKHJDVNHWFRPSUHVVLRQOHYHOVLQFUHDVHOLQHDUO\WKURXJKWKHUDGLDOGLUHFWLRQ$QG
ZKHQ WKH LQLWLDO WLJKWHQLQJ VWUHVV UHDFKHV 03D 03D DQG 03D UHVSHFWLYHO\ WKH PD[LPDO FRPSUHVVLRQ
GHIRUPDWLRQRIJDVNHWLVPPPPDQGPP)LJLVWKHFXUYHRIJDVNHWGHIRUPDWLRQDWGLIIHUHQW
UDGLDOSRVLWLRQZKHQWKHWHVWWHPSHUDWXUHLVԨRSHUDWLQJWLPHLVKDQGLQWHUQDOSUHVVXUHLV03DWKH




    cgfGfgcgfgd DDrDDrDD   TWDQ
    iGogog DdDdD TWDQ  
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JDVNHW GHIRUPDWLRQ GHFUHDVHV $IWHU FUHHS DQG UHVLOLHQFH RI WKH JDVNHW ZKHQ LQLWLDO WLJKWHQLQJ VWUHVV LV
03D03DDQG03DWKHPD[LPDOJDVNHWGHIRUPDWLRQLVPPPPDQGPPUHVSHFWLYHO\
7KHJDVNHWGHIRUPDWLRQDOVRFDQEHH[SUHVVHGE\WLPHWKHLUUHODWLRQLVJLYHQWKURXJK(TDQG
  tTCBDrDD RRigfgd OQ    
,Q WKH)LJWKH LQIOXHQFHRI WKHJDVNHWFUHHS LVFRQVLGHUHG WKH UHODWLRQ WKDWJDVNHWGHIRUPDWLRQFKDQJHVRYHU
WLPH LV UHIOHFWHG ZKHQ WKH UDGLDO SRVLWLRQ LV LQ WKH RXWHU GLDPHWHU RI JDVNHW DQG XQGHU WKH WHVW WHPSHUDWXUH RI
ԨWKHJDVNHWGHIRUPDWLRQJUDGXDOO\ VWDELOL]HVDIWHUK WKHFXUYHVDUHGHVFULEHG LQDFFRUGDQFHZLWK WKH
UHJXODWLRQRIFUHHS

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ZLOO EH JRW IURP LW 7KH UHODWLRQVKLSV EHWZHHQ JDVNHW GHIRUPDWLRQ DQG VWUHVV DUH JLYHQ E\ *X DQG =KX >@ DV
IROORZV
&RPSUHVVLYHSHUIRUPDQFHIRUPXODLV
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DQG UHVLOLHQW SHUIRUPDQFH 'XH WR WKH IXQFWLRQ RI IODQJH GHIOHFWLRQ WKH JDVNHW FRPSUHVVLRQ VWUHVV LQFUHDVHV
JUDGXDOO\IURPWKHLQQHUGLDPHWHUWRWKHRXWHURQHWKHZKROHEROWHGIODQJHFRQQHFWLRQV\VWHPZLOOEHFUXVKHGZKHQ
WKHRXWHUJDVNHWVWUHVV LV WRRKLJKDQG WKHQ WKH OHDNDJHEHKDYLRU WDNHVSODFH$VFDQEHVHHQIURPWKH)LJ WKH
UHODWLRQVKLSEHWZHHQWKHUHVLGXDOVWUHVVRIPHWDOIOH[LEOHJUDSKLWHFRPSRVLWHJDVNHWDQGWLPHLVUHSUHVHQWHGJDVNHW
UHVLGXDO VWUHVVGHFUHDVHVZLWK WLPH LQFUHDVLQJZLWKLQK DQG WKH VPDOOHVW UHVLGXDO VWUHVV LV JUHDWHU WKDQ WKH
PLQLPXPVHDWLQJVWUHVVWKDWPHHWLQJWKHUHTXLUHPHQWVRIVHDOLQJLQWKHRSHUDWLQJFRQGLWLRQV7KHH[SUHVVLRQLV
XVHGWRLQIHUHQFHWKHUHODWLRQVKLSDERXWWKHOHDNDJHUDWHDQGWKHFRUUHVSRQGLQJWLPH





























































CA  CB  SA  SB  CN  TA  TB  LA  LM  LN 
        u   
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/HDNDJHUDWHFDOFXODWHRIIOH[LEOHJUDSKLWHJDVNHW
7LJKWQHVVRIWKHEROWHGIODQJHFRQQHFWLRQV\VWHPLVUHSUHVHQWHGPDLQO\WKURXJKLWVOHDNDJHUDWH7KHUHLVDFHUWDLQ
UHODWLRQVKLS EHWZHHQ WKH JDVNHW UHVLGXDO VWUHVV DQG OHDNDJH UDWH E\ REVHUYLQJ D VHULHV RI H[SHULPHQWV DQG WKH
WLJKWQHVVRI WKHEROWHG IODQJHFRQQHFWLRQV\VWHPGHSHQGV ODUJHO\RQ WKHJDVNHW UHVLGXDOVWUHVV7KHJDVNHWVHDOLQJ
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)LJXUH  LV WKH UHODWLRQVKLS EHWZHHQ PHWDO IOH[LEOH JUDSKLWH FRPSRVLWH JDVNHW OHDNDJH UDWH DQG WLPH XQGHU
GLIIHUHQWFRQGLWLRQV:KHQLQLWLDOWLJKWHQLQJVWUHVVUHDFKHV03D03DDQG03DWKHZRUNLQJWHPSHUDWXUHLV











WKHJDVNHWVWUHVV LQFUHDVHV OLQHDUO\IURPLQQHU WRRXWHUGLDPHWHUGXH WRIODQJHURWDWLRQDQGJDVNHWGHIRUPDWLRQVR
ZKHQWKHRXWHUJDVNHWVWUHVVLVWRRKLJKWKHVHULRXVGHIRUPDWLRQZLOOEHJHQHUDWHGDQGWKHOHDNDJHLVFDXVHG











>@ .'X0+/LX*DVNHW 6WUHVV$QDO\VLV%DVHG RQ%ROWHG)ODQJH&RQQHFWLRQ6\VWHP&KLQD$FDGHPLF -RXUQDO(OHFWURQLF 3XEOLVKLQJ
+RXVH0D\1R
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